Introduction
Compared to mainland Italy and Sicily, the flesh fly fauna of Sardinia is poorly known. Scattered records and information on Sardinian Sarcophagidae can be found in, e.g., Costa (1882 Costa ( , 1883 Costa ( , 1884 , Krausse (1910) , Paoli (1910) , Böttcher (1912 Böttcher ( , 1913a Böttcher ( , 1913c , Melis (1934) , Séguy (1941) , , Venturi (1960 Venturi ( , 1966 , Delrio et al. (1979) , Lehrer and Luciano (1979) , Luciano and Prota (1981) , , Panu et al. (2000) and Povolný (2004) . Pape (1995a) reported 22 species from Sardinia in the Italian checklist, and increased this number to 27 in Fauna Europaea (Pape 2004a) .
Heteronychia Brauer & Bergenstamm, 1889 , under its current definition (see Pape 1996) , is the most species-rich subgenus of Sarcophaga Meigen, 1826 , containing approximately 90 valid species distributed mainly in the Palaearctic from the Canary Islands to the Russian Far-East and Japan (Pape 1996) . The Mediterranean area, from which about 50% of the described species are known, seems to be a diversity hotspot for the taxon (Pape 2009 ). Mainland Italy, with 30 species recorded so far (Pape 2004a; Whitmore et al. 2008) , hosts one of the largest faunas of the subgenus in Europe. The biology of Heteronychia species is still quite poorly known, although several have been recorded as parasitoids of terrestrial snails ). This life strategy may be obligate (Povolný & Verves 1997) , and breeding records from dead snails (which suggest saprophagy) and locusts reported by refer to species no longer considered members of the subgenus.
No species of Heteronychia were listed from Sardinia in the Italian checklist (Pape 1995a) , and those by Povolný ( , 2004 of Sarcophaga ferox Villeneuve, 1908 and S. pandellei (Rohdendorf, 1937) -the latter reported also by Pape (2004a) -are the only published records from the island. also recorded S. (H.) penicillata Villeneuve, 1907 ; this record was probably a misidentification of S. (H.) thirionae (Lehrer, 1976 ) (see below) and S. (H.) penicillata is here excluded from the Sardinian fauna.
The aim of this paper is to revise the knowledge on the Sarcophaga (Heteronychia) of Sardinia, based on data from the literature, data from museum collections and part of a large flesh fly material recently (years 2003-2006) collected in SW Sardinia in the framework of an investigation of the arthropod diversity of the area (see Mason et al. 2006) .
Material and methods
Approximately 1,400 specimens of Heteronychia were examined. Methods used during recent field work (2003) (2004) (2005) (2006) were principally Malaise traps and hand nets (see Mason et al. 2006) . Specimens are stored in 70° ethanol or dry-pinned, and preserved in the insect collection of the Centro Nazionale per lo Studio e la Conservazione della Biodiversità Forestale "Bosco Fontana", Verona, unless otherwise specified. Type material of Sarcophaga (Heteronychia) gabrielei sp. nov. is all dry-pinned. When possible, male terminalia were extended while specimens were still fresh; in dried males with non-extended terminalia, these were carefully broken off with watchmaker's forceps at the level of the epandrium and glued to a slip of card pinned together with the specimen. Most females were identified without dissection, by association with males in the same samples or by comparison with reference specimens; identification without dissection was facilitated by the fact that in specimens preserved in alcohol, the last sternites are well visible. Two female paratypes of Sarcophaga (Heteronychia) gabrielei sp. nov. were dissected for examination (by R. Richet, France): abdomens were first removed and soaked in a 10% KOH solution for a couple of hours; subsequently, the last sternites, tergite 6 and the spermathecae were removed from the rest of the abdomen, placed in beechwood creosote before being mounted in Canada balsam on a small slide (consisting of two coverslips) pinned together with the rest of the specimen.
Digital photographs of the habitus of the new species and of female abdomens were done using a Nikon DS-5M digital camera mounted on a Leica 12.5 stereomicroscope and processed by AutoMontage Pro version 5.03.0096; digital photos of details of the female terminalia were taken with an HP PhotoSmart 912 digital camera; SEM images were taken using a JEOL JSM-6335F scanning electronic microscope (ZMUC) and a Hitachi TM1000 environmental (low-vacuum) scanning electronic microscope (CNBFVR).
Terminology of the external morphology follows Merz and Haenni (2000) , except for the antenna (Stuckenberg 1999) . Terminology of general features of the male terminalia follows Sinclair (2000) ; that of features particular to the distiphallus follows Pape (1987) . Measurements and ratios of the antenna, head and wing follow Tschorsnig and Richter (1998) ; width of parafacial is expressed as follows: width of parafacial/ minor diameter of eye in exact lateral view.
The diagnosis of Heteronychia is based partly on the literature (see "References" in the section "Taxonomy") and partly on the examination of most of the species currently ascribed to this taxon.
For label data of type material (including the holotype of the new species) individual lines are separated with a forward slash (/), whereas individual labels are separated with a double forward slash (//), and all information is given exactly as reported on the labels. Any comments about label data are given in square brackets. Number and sex of non-type specimens are listed with two figures separated by a backward slash (\), the first being the number of males, the second the number of females; e.g. "1\0" stands for "one male, zero females". Collectors are listed in the same order as on labels. Pape (1995b) , who compared S. (H.) schnabli with S. (H.) siciliana (Enderlein, 1928) . The examination of the lectotype allowed me to establish that Sarcophaga (Heteronychia) schnabli is a junior synonym of Sarcophaga (Heteronychia) consanguinea syn. nov., as already suggested by Povolný (2003) ; this species is not yet recorded from Sardinia.
Chorotypes were assigned following the categories proposed by Vigna Taglianti et al. (1999) , based on general distributions provided by Pape (1996 Pape ( , 2004a . Italian distributions are given at regional level, with regions listed in alphabetical order.
Geographic coordinates were taken with a GPS or retrieved from 1:25000 and 1:50000 maps whenever possible; coordinates are specified only when written on the locality label.
The nomenclature of the Mollusca Gastropoda listed in this paper follows Bank (2004a Bank ( , 2004b . (Fig. 11) ; vaginal plate subtriangular (Fig. 15) Abdominal tergite 6 not strongly narrowing in middle; microtrichosity of abdomen less thick, black markings remaining conspicuous also in posterior view (Fig. 21) (Zangheri 1969 ) and mentioned generically from southern mainland Italy by Pape (1995a) .
Biology. According to Povolný and Verves (1990, as Heteronychia (Spatulapica) boettcheriana (Rohdendorf, 1937) ), Sarcophaga bulgarica is a snail parasite competing with S. (Heteronychia) haemorrhoa, the latter being a parasitoid of Helix sp. and Cepaea hortensis (Müller) (Gastropoda: Helicidae) (cf. .
Remarks. Species identified using Pape (1987 , as Heteronychia boettcheriana (Rohdendorf, 1937 ) (cf. Pape 1995b). Records by of Sarcophaga haemorrhoa from Latium and Liguria refer, in part, to S. bulgarica. The species is new to Sardinia, but was already recorded from Corsica (Pape 2004a) .
Sarcophaga (Heteronychia) ferox Villeneuve, 1908
Sarcophaga ferox Villeneuve, 1908: 123. Type locality: Santa Cruz (Tenerife), southern France.
Sardinian literature records. Cagliari prov., Costa Rei (Povolný , 2004 (Povolný , 2004 ); Sicily ; Giglio Is. (Tuscany) .
Biology. Unknown. Povolný (2004) observed many males feeding on bird excrements on hilltops in Sardinia and Sicily. Traveset and Sáez (1997, as Sarcophaga bolivari Gil Collado, 1932) 2-16.V.2006, 2\1; 16-30.V.2006, 12\4; 30.V-13.VI.2006, 29\15; 13-27.VI.2006, 74\37; 27.VI-11.VII.2006, 16\9; 11-25.VII.2006, 3\4; 25.VII-8.VIII.2006, 0\1; 22.VIII-5.IX.2006 , 0\1. S2: 18.IV-2.V.2006 2-16.V.2006, 0\1; 16-30.V.2006, 9\3; 30.V-13.VI.2006, 8\3; 13-27.VI.2006, 26\17; 27.VI-11.VII.2006, 6\1; 11-25.VII.2006, 2\3; 25.VII-8.VIII.2006 , 1\0. S3: 13-27.VI.2006 27.VI-11.VII.2006, 24\3; 11-25.VII.2006 (Zangheri 1950; Zangheri 1969) ; Friuli-Venezia Giulia, Latium, Liguria, Marches ); Sardinia; Venetia (Tiensuu 1954) .
Biology. One of the best-studied snail parasitoids within the subgenus; it has been bred from Helix spp. and Theba pisana (Müller) (Gastropoda: Helicidae), and Cernuella virgata (Da Costa) (Gastropoda: Hygromiidae) (cf. .
Remarks. New to Sardinia. Recorded from Corsica by Villeneuve (1911) .
Sarcophaga ( Diagnosis. Lower facial margin visible in profile below vibrissa; thorax with several strong presutural acrostichal setae; scutellum of male usually with a pair of apical setae; mid tibia of male without anteroventral setae; female without a midfemoral organ; mid femur of male without a posteroventral subapical comb; hind trochanter of male with a brush of short spine-like setae; hind femur of male without any anteroventral setae in addition to subapical one; hind tibia of male with long hair-like setae on ventral surface; wing-vein R 1 bare dorsally; abdominal tergite 3 without median marginal setae (rarely with a pair of weak, appressed setae); ventral sides of tergite 5 of female partly red; tergite 6 of female divided into two hemitergites; protandrial segment very elongate, lacking marginal setae; epandrium red; male cerci with a pronounced dorsal keel; pregonite with a rounded tip, widening apically, with numerous setulae on dorsal surface; phallus with harpes well developed and perpendicular to main axis of distiphallus; base of harpes with numerous sensilla on ventral surface; juxta without membranous appendages or expansions at base.
Description. Length: 7.5-13.3 mm. Male. Colour. Head black, with dense grey microtrichosity on parafacials and fronto-orbital plate, changing with the incidence of light; frontal vitta black; gena, face and occiput grey-microtrichose; pedicel black, brownish at tip, postpedicel black; prementum black, palpus dark brown; thorax black in ground colour, grey-microtrichose with three longitudinal dark vittae; legs black; tegula black, basicosta light yellow; abdomen black, grey-microtrichose, with typical checkered pattern changing with the incidence of light; protandrial segment shiny black with a small median strip of grey microtrichosity approximately on distal 1/5; epandrium dark red; cercus black; surstylus, phallus and gonites dark brown. Head. Arista thickened on basal 1/3-2/5. Postpedicel 1.80-2.15 x as long as pedicel. Frons at its narrowest point 0.52-0.63 x as wide as an eye in dorsal view. Frontal vitta about half as wide as frons at its narrowest point, visibly widening towards antennal insertion. Lateral vertical seta 1.1-1.5 x as long as longest postocular setae, distinct from the latter. Six to 10 frontal setae, not descending below level of middle of pedicel. Fronto-orbital plate with a row of fine setulae near eye margin and some additional scattered setulae. Parafacial with a row of fine setae close to eye margin, the lower 4-5 stronger than the upper ones. Parafacial at its narrowest point 0.21-0.39 x as wide as eye width. Lower facial margin visible in lateral view. Facial ridge above vibrissa with decumbent setulae on approximately basal 1/3-2/5. Gena, in profile, 0.34-0.54 x the vertical height of eye (measured in the same vertical plane as height of head); gena entirely covered with black setae; postgenal setae white. Two rows of black occipital setulae behind postocular setae, remaining occipital setulae white. Prementum about 3.5 x as long as wide. Thorax. Postpronotum with 3 stronger setae forming a triangle. Scutum with 4-6 short + 1 (prescutellar) acrostichal, 4-5 + 3 dorsocentral, 2-3 postsutural intraalar, 2 posthumeral (outer one shorter), 1 presutural, 4 notopleural and 3 supraalar setae; postalar callus with 2 setae. Katepisternum with 3 setae. Katepimeron with fine setulae on posterior half. Scutellum with 3 (rarely 2) pairs of marginal setae: basal, subapical, apical (sometimes lacking) and 1-2 pairs of discal setae. Legs. Fore tibia with 2-3 anterodorsal and 1 posterior setae. Mid femur with 4-5 anterior setae near middle, 3-4 to several short anteroventral setae, 2-3 subapical posterodorsal setae, no strong setae on ventral surface; mid femur without a subapical posteroventral comb of spine-like setae but with a row of short stout setae on distal 1/4. Mid tibia with 2-3 anterodorsal, 2-3 posterodorsal, 1 dorsal and 0 anteroventral setae (except for 1 anteroventral seta on left leg of one paratype). Mid femur and tibia with long wavy setae on posteroventral surface. Hind trochanter with a ventral brush of tightly spaced spine-like setae. Hind femur with a strong subapical seta but no additional anteroventral setae, and with only hair-like posteroventral setae. Hind tibia with a row of anterodorsal setae of irregular length, 2-3 posterodorsal and 1 anteroventral seta; hind femur and hind tibia with numerous long wavy setae on ventral surface. Wing. Costal spine short, usually about 1/3-1/2 x as long as crossvein R-M, sometimes indiscernible. Vein R 1 bare dorsally. Setae on dorsal surface of vein R 4+5 extending over halfway to crossvein R-M. Second costal section 1.20-1.54 x fourth costal section. Small spines on costa reaching about 1/2 to 4/5 of the way across fourth costal section. Wing cell r 4+5 open at wing margin. Abdomen. Syntergite 1+2 and tergite 3 without median marginal setae; sometimes a weak pair of setae present on tergite 3. Tergite 4 with a pair of strong median marginal setae and several lateral marginal setae. Tergite 5 with a complete row of marginal setae. Terminalia. Sternite 5 (Fig. 2) strongly indented, v-shaped, with brushes of tightly spaced stout, short setae along each of its processes and a row of long, thick setae along inner margin of each process. Protandrial segment without a row of setae along posterior margin. Epandrium with a gently curved external edge, about 1.5 x as long as high. Cercus (Fig. 3) with a pronounced dorsal keel, downcurved and apically pointed. Surstylus (Fig. 3) of irregular shape, with rounded edges and widening posteriorly. Pregonite (Fig. 4) tongue-shaped, widening apically and with numerous setae on dorsal surface. Postgonite (Fig. 4) with a hooked tip. Distiphallus: apical process of harpes (Fig. 5 ) long, projecting ventrally (curving downwards in dead specimens), gradually tapering into a blunt tip when viewed apically (Fig. 6) ; base of harpes appearing elbow-shaped in lateral view (Fig. 5 ) and flattened in a dorso-ventral direction (Fig. 7) , ventral surface covered with microscopic sensilla (Fig. 8) ; juxta well developed (Fig. 5) , about half as long as rest of distiphallus, and straight with respect to the latter; in lateral view with three tooth-like processes (Fig. 5) , in apical view with six visible tooth-like processes disposed symmetrically on either side of a longer central process (Fig. 6) ; lateral styli narrow, hidden by juxta (Fig. 7) ; vesica as in Fig. 9 . Female (Fig. 10) . Differs from male as follows: Head. Frons at its narrowest point 0.91-1.20 x as wide as an eye in dorsal view. Frontal vitta about 0.4 x as wide as frons, only slightly widening anteriorly. Lateral vertical seta strong, about twice as long as longest postoculars. Two proclinate fronto-orbital setae present. Thorax. Scutellum always without apical setae. Legs. Fore tibia with 3-4 anterodorsal setae. Mid femur with several strong setae on posteroventral surface. Mid femur lacking mid-femoral organ. Mid tibia with 3 anterodorsal and 1-2 anteroventral setae. Hind trochanter without modified setae. Hind femur with several anteroventral and posteroventral setae. Hind tibia with 3-4 anteroventral setae. All femora and tibiae without long wavy hairs on posteroventral surface. Wings. Costal spine well developed, approximately the same length as crossvein R-M. Terminalia. Ventral sides of tergite 5 partly red, tergite 6 red (Fig. 11) . Tergite 6 divided into two hemitergites (Fig. 12) , each folded longitudinally at approximately a right-angle (Fig. 13) . Sternites 6, 7 and 8 as in Fig. 14 . Vaginal plate present, contiguous with hypoproct, elongate and subtriangular (Fig. 15) . Spermathecae in Fig. 16 Etymology. Dedicated to the memory of my dear friend and entomologist Graziano Gabriele. Distribution. Sardinia. Biology. Unknown. Ecology. The new species was collected in seven localities of the Marganai forest. It was most abundant at Conca Margiani, a relatively open part of a N-NE-facing limestone hillside otherwise densely covered by holm-oak forest (Fig. 17) . In July, when most specimens of Sarcophaga gabrielei were collected (both males and females), the area was covered by many flowering bushes of Euphorbia pithyusa cupanii (Euphorbiaceae) and Bupleurum fruticosum (Apiaceae). The flies were attracted mainly to the yellow flowers of the latter plant and were collected either on the flowers or on the surrounding limestone rocks.
Remarks. In general appearance, Sarcophaga (Heteronychia) gabrielei resembles S. (H.) porrecta Böttcher, 1913 from southern and eastern Europe (cf. Pape 2004a), with which it shares the absence of anteroventral setae on hind femur in addition to the subapical one, the presence of numerous long, black, hairlike setae on posteroventral surface of hind tibia and the relatively long protandrial segment. Sarcophaga (Heteronychia) gabrielei differs from S. (H.) porrecta in lacking an anteroventral seta on mid tibia, in the much greater length of the protandrial segment and in the shape of the cercus and phallus (cf. Povolný 1996) . The new species can also be distinguished by the absence of marginal setae on the protandrial segment. The external appearance of the female terminalia of Sarcophaga (Heteronychia) porrecta is also very similar to that of S. (H.) gabrielei. (Fig. 18) Leclercqiomyia thirionae Lehrer, 1976: 197 . Type locality: Turkey, Gemlik. Heteronychia (Ctenodasypygia) penicillata Villeneuve, 1907 : Povolný 1992 (misidentification); Povolný 1996: 91-92, figs 2-3 (misidentification 
